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Abstract Dielectric properties of quantum paxaclcetric materials, SrTi03, CaTiOj 
and (Lai/2Naj^)Ti03. were presented and discussed since they show the. titled 
dielectric properties in the lowest temnerarurr nmge. In order to show our strategy 
to obtain the titled maicrials for microwave resonator. applications, dielectric 
properties of several soLid solution systems. SrTiC>3-LaAl03, Sr 2 TLO4-SrLaA104 
and'BaTiO*-Ba(Msi/3Tai/3)0 3 -were exemplified L Concerning about reJaxor 
ferroelectric materials, it is pointed out that a drastic broadening of ferroelectric 
phase transitions in the KNbO3-BaTi0 3 and B.aTiO 3 -BaCFei/jTa 1/2)03 solid 
solution systems is caused by a strong locaJ field fractuation come from the 
randomly oriented permanent electric dipolcs produced by the heterogeneous 
c3tionic charge distribution in the solid solution. 



TNTR ODITCTION 

With ibe rapid popularisation of mobile corainunicarions on the microwave, the demands 
for dielectric resonator applications increase progress ively. Tbe materials with high 
dielectric constant, £ . small temperature coefficient of e , r t s Q1^J^» *"£h & 

value are desired for the application of microwave dielectric resonators. Several solid 
solution systems designed to approach the above dielectric properties are presented. 
Besides the mentioned materials, some quantum paradectric materials and relaxor 
ferroelectric materials are given. 
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or 'Ah-n IM P A R AFT .FCTRIC MATERIALS 

Quantum pajaelactrkity found in perovsfcitc-type oxides SrTiC^l may satisfy the tided 
dielectric properties only in the lowest temperature region* - 4 iC However, "higher 
quantum paraclcctriciiy" have been recently found in CaTiC>3\ (Lai.iNa^TiOa 3 etc. 
Figure I shows the temperature dependence of dielectric constant for CaTi03, Ci/I^Oio 
and (LaiaNah7)Ti03. Since the thermal energy in 7 = 1 K corresponds to the photon 
energy hv of microwave in V = 20.8 GHz, an excitation of optical vibrational mode in 
CaTi03 and (Lai^Nai/i)Ti03 with microwave of V - 20 GHz is neglectable for the 
range 10 K - 15 K, where the values of s axe constants. This means that there do not 
exis* thermal excitation of optical modes. Therefore, the dielectric loss in the microwave 
region can be sn:aJl for CaTiOy and (LamNaiaJTiC^ at 10 K - 25 K. Table I lists the 
con stan cs involved in :hc following Barrett formula 4 for several pcrovs kite-type oxides. 

High temperature quantum paxaelectric materials are desired. The occurrence of high 
permittivity in perovs kite- type titanaies ATiC>3 (A = Pb r Ba, Cd, Sr> Ca) may be ascribed 
to an accidental coincidence oT ionic masses m(Ti 4 +) = 3in(0 2 ') = 48, not only a pertinent 
space available for Ti* 4 * ions iii the oxygen octahedral sites. These fortunate conditions 
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RCLTRE I Tsmpcrawrc dcpccndcacr of the dielectric coat cant of 
0>T>0 3 Ca). Ca 4 Ti 3 O l0 05) and (Li I/2 Na w )Ti0 3 (c). 
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TABLE I The constants involved in chc Earrsn formula 
for several perovskite-cype oxides 











C/K 


r,/K 


T 0 /K 


SrTi0 3 


2.00 x 


104 


-4 


9.0 x 10 4 


$4 


38 


CaTi03 


3.70 X 


10^ 


-30 


7.7 x I0 4 


104 


- 1.59 x 10 2 




1.34 x 


102 


-32 


1.2 X \0 5 


180 


-7.70X 10 2 


(Na ];7 Smi/2)Ti0 3 


1.13 x 


102 


-40 


3J x 10 5 


205 


- 2.66 x 10* 


CNai/2Gdi/ 2 )Ti03 


1.02 x 


10* 


-55 


2.9 x 10 5 


261 


- 2.69 x 102 



*: The onset temperature that B becomes maximum and constant. 



may facilitate the lattice vibration of Slater soft mode in AT1O3. Actually, three 
ferroelectric*, PbTiO-j (7c - 763 K). BaTi0 3 (7c = 393 K), CdTi0 3 (7*c = 55 K) present 
in the ATi03 scries with heavier masses ra(A 2+ ) > m(Ti03) =? 96. This evidence 
suggests a coexistence of the Last and Slater soft modes. In the lighter utanatcs SrTi03 
and CaTiO^, tilts or deformation of oxygen octahedra occur at certain higher Lemperaftires 
than the. temperatures where softening of the Slater or Last mode can occur. The tilts or 
deformation of oxygen octahedra changes the reduced masses and force constants of soft 
modes for fctroelectricity, hardens the modes, and results in a quantum paraelectricity. 

TOWARD VffCROWAVE DIBL.KCTRTC MATERIALS 

Since the materials with the titled dielectric properties are quite rare in aature, we have 
intended to get them under the strategy by forming a solid solution system from the 
following two classes of isostrucrural materials. 

The materia] 0/ class I is the paraclectric material with a purposely high € value and a 
negative temperature coefTicieut (t, < 0 ) around the room temperature for practical use. 
The material of class I may have ferroelectric or antif crroclccunc phase transitions much 
below the room temperature. It is believed that the domain wall motion is sensitive under 
the microwave frequency region and ready to lower the Q value in the ferroelectric 
materials. Therefore, in order to avoid a formation of ferroelectric domains in the 
resultant solid solution system, the material of class II should be a paraclectric or an 
antiferroclectric materials With a purposely high £ value and a positive temperature 
coefficient { X 9 > 0 ). A quantum paraekctxic pcrovstite SrTiOa* was chosen as the 
material of class I and an a n ti forrod is to rtive peravskitc LaAIC>3 5 A whose transition 
temperature locates at T\\ - 810 K, was chosen as the material of class H. The dielectric 
properties of me^Ti03 : LaAlOj solid solution system are shown in Fig.2. Table 2 lists 
the dielectric data versus composition of the solid solution system. We have studied the 
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X 

X FIG T SKE'2 Diclcqcic constant, tempa-siurt coefficient 

TOUKi 2 D lei ectr.c co asa.ni. ccrr.pt racu re coefficient 
and Q *al«ic in x SfTiO-j - ( i-.t)LAAJa 3 . 

dielectric properties of Ruddlesdon-Popper scries compound Sr 0+ iTi n C>3 o+ i (n = I, 2, 
It is found that SrTiC>3 shows the largest while Sr^TiO* shows the smallest ^ 
The dielectric properties of Ruddle sdon- Pop per solid solution Sr^TiO^-SfLaAlO^ at 
microwave range axe shown in Fig. 3. The e> of SrYTiOii-SrLaAlOa system arc lower 
ttwo that of Sr Ti03-LaA103 system. Similar tendency as in Fig.2 can be seen ia Fig. 3. 
SfTi03-LaAJ03 system has very good dielectric properties at microwave range, it shows 
high Q value, low r f and purposely high «e v-aiuc. The practical application of SrTi0 3 - 
LaAlQs is expectable. 



DIFFUSE FERROELECTRIC PHASE TRA NS mON_TN REI.AXORS 

Concerning the origin of relator materials 7 * 3 , it is pointed out that the broadening of the 



ON THE PEROVSKITE R.ELATED MATERIALS [529J/209 



TABLED Microwave dielectric properties of x$iTiO$ - (l-*)LaA)p3 / 



X 


£ 


Q 


// GHz 


Q //GHz 




0.00* 


21 


1500 


S.6 


12900 


-49 






6800 


1 l.l 


74800 


-35 


0.45 


29 


6200 


9.8 


60800 


-21 


0.50* 


31 


4100 


9.6 


39400 


0 


0.50 


33 


6000 


9.0 


54000 


- 13 


0.55 


34 


6900 


8.8 


60720 


-8 


0.75* 


46 


2300 


10.7 


24600 


170 


1.00* 


204 


400 


L0.6 


4200 


1700 . 



4 : by coprecipitation from aqueous solutions ~~~ — — 

**; tjr = -|cr 4 ^ £ j ; or : linear thermal expansion coEDcient 

~f : tempemire cofricient of resonant frequency 



ferroelectric phase transitions versus composition is more drastic in the KNbOj-BaTiO^ 
and BaTi03-Ba(Fei/2Tai/z}03 10 solid solution systems than in the KNbC^-KTaOj 11 and 
BaTi03-BaSnC>3 10 solid solution systems, respectively. The cause of this diffuse 
ferroelectric phase transitions in the KNb03-BaTi03 and BaTi03-Ba(Fei/2Ta 1/2)03 
systems is discussed and gets a conclusion that it originates from the randomly oriented 
various penmancne electric di poles produced by the random distribution of the cationic 
charge over the octahedral and the cub octahedral sites in the former solid solution system. 
The random distribution of the cationic charge gives a strong fractuation upon the local 
filccs of every sites for cations and anions, and results in a violent damage to the long- 
range cooperative ferroelectric interactions. 

REFERENCES 

1. K.A. Miilicr and H. Burkara\ Phvs. Rev. B. 12, 3593 (1979). 

2. 1-S. Kim, M. Itoh and T. NaJcamura..J. Solid Stare chem.. 101 . 77 (1992). 

3. Y, Inaguma, J-H. Sohn, 1-S. Kim, M. Itoh and T. Nakamura, J. Phvs. Soc. Tpn.. 

£1,383 (1992). 
4: T.H. Barrett. Phvs. Rev. . 86. 118 (1952). 

5. K.A Mullet, W. Berlinges and R Waldner, Phvs. Rev Lett.. 2L 814 (1968). 

6. J.G. Bednonz, K-A. MtfUer, HL Arend and H. Granicbxr, Mat. JUs. Bull,. 1_8_. 
181 (1983). 

7. G.A. Smolenskii, V.A. Isupov, V.A- Agraaovskaya and N.N. Kxainik, gov. 
Pbvs.-Mid SWC 2, 25S4(1961). 

8. L.E Cross, FcrToclectrics. 24 1 (1987). 

9. RJ.Bratton and T.Y, Tien, J. Am. Ccram. Soc. . 90 (1967). 

10. T. Nokamura and S, Nomura, Jttpn. J. Anpl. Phy s.. J, 119! (1966). 
U.S. Triebwasser, Phvs. Rev. . 114. 63 (1959). 



